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A B S T R A C T
Objective: We assessed the road use pattern and incidence and risk factors of non-fatal road trafﬁc
injuries (RTI) among children aged 5–14 years in Hyderabad, India.
Methods: In a cross-sectional population-based survey, data were collected on 2809 participants aged 5–
14 years (98.4% participation) selected usingmulti-stage cluster sampling. Participants recalled non-fatal
RTI during the previous 3 and 12 months. RTI was deﬁned as an injury resulting from a road trafﬁc crash
irrespective of severity and outcome.
Results: Boys (11.5) had a higher mean number of road trips per day than girls (9.6), and the latter were
more likely to walk and less likely to use a cycle (p < 0.001). With increasing household income quartile,
the proportion of trips using cycles or motorised two-wheeled vehicles increased while trips as
pedestrians decreased (p < 0.001). Based on the 3-month recall period, the age-sex-adjusted annual rate
of RTI requiring recovery period of>7 days was 5.8% (95% CI 4.9–6.6). Boys and girls had similar RTI rates
as pedestrians but boys had a three times higher rate as cyclists. Considering the most recent RTI in the
last 12months, children of the highest household income quartile were signiﬁcantly less likely to sustain
pedestrian RTI (0.26, 95% CI 0.08–0.86). The odds of overall RTI were signiﬁcantly higher for those who
rode a cycle (2.45, 95% CI 1.75–3.42) and who currently drove a motorised two-wheeled vehicle (2.83,
95% CI 1.60–5.00).
Conclusion: These ﬁndings can assist in planning appropriate road safety initiatives to reduce cycle and
pedestrian RTI among children to reduce RTI burden in India.
 2010 Elsevier Ltd.
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Unintentional injuries are important contributors to the
preventable causes of mortality and morbidity among children
worldwide.35 The vast majority of child injury deaths occur in low-
and middle-income countries where the injury mortality rate
among those aged less than 15 years is ﬁve times higher than that
in the high-income countries.35,49 Drowning and road trafﬁc
injuries (RTI) are the two largest causes of injury mortality among
children aged 5–14 years.26,28,35,48* Corresponding author at: Public Health Foundation of India, 4/2, Sirifort
Institutional Area, August Kranti Marg, New Delhi 110016, India.
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Open access under CC BY license.The burden of disease due to injuries is increasing in the
developing countries.10,27,35 RTI is the second leading cause of
death among those 5–14 years of age worldwide with an
estimated 180,000 children 14 years of age or less killed every
year.36 While India still continues to address infectious
conditions among children, injuries are emerging as a consider-
able public health problem with India having one of the highest
childhood disability-adjusted life year rates attributable to
injuries.6,7,10,16 RTI were the second leading cause of death and
burden of disease among 5–14 years old in India in the year
2000.26
We assessed the road use pattern, incidence and risk factors for
non-fatal RTI among those aged 5–14 years in urban India. Such
data are an important input into decision-making related to
designing of appropriate RTI policies and intervention programmes
and for adapting the existing ones from developed countries to
reduce the RTI burden in this age group in India.
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This study was approved by the Ethics Committee of the
Administrative Staff College of India, Hyderabad, India, and the
research conformed to the principles embodied in the Declaration
of Helsinki. The detailed methodology of this study on people aged
5–49 years is published elsewhere,6,7 and the details relevant to
this paper are presented.
Study design
This study was conducted from October 2005 to December
2006 in Hyderabad city (population of 3.8 million in 2001).40
Hyderabad city was divided into 2542 clusters of mostly 1400–
1600 population and listed in sequence of which 50 clusters were
selected using a three-stage systematic cluster sampling proce-
dure with equal probability of selection based on their socio-
economic proﬁle. We also selected one cluster of 49 homeless
persons to represent this group in the population. Within each
cluster (other than the homeless cluster), we enumerated the
households and residents in each household. A household was
deﬁned as persons eating from the same kitchen. Hostels, hotels,
commercial establishments, and prisons were not included. All
residents 5–49 years of age in the selected clusters were
considered eligible. Systematic sampling, with the ﬁrst number
drawn randomly, was carried out to sample households with the
aim of sampling 215–225 eligible people in each cluster. This
usually required a sampling interval between 5 and 8 households
depending on the total number of households and the eligible
population in a cluster. All members aged 5–49 years in the
selected households were sampled. Assuming 85% participation
rate, a sample of 11,097 people aged 5–49 years was recruited for
the survey.
Interviews
Trained interviewers obtained written informed consent from
eligible people for participation in the study, followed by a
conﬁdential interview using a questionnaire designed for this
study. Detailed demographic data were obtained for all partici-
pants aged 5–49 years. Information was collected from parent/
guardian for participants less than 11 years of age, and in the
presence of parent/guardian for those aged 11–14 years.
Of relevance to this paper, the participantswere asked details of
their road use including the average number of trips and time
spent on road per day, mode of transport, and whether they could
ride a cycle or drive a motorised two-wheeled vehicle. The journey
from the point of origin to the destination was considered as a trip,
and was explained by giving appropriate examples (such as home
to school, home tomarket, play area to home), and theywere asked
about average number of trips that theymade on road and the time
spent in these trips on a usual day. The participants recalled if they
were involved in road trafﬁc crash (RTC) in the preceding 3 and 12
months. Theywere then asked about any injury resulting from RTC
irrespective of the severity. Detailed data including duration of RTI,
vehicles involved, days of recovery/disability, and leaves taken
from school/work were documented. If a participant reported
more than one RTI during the recall periods, all RTI were
documented.
RTI was deﬁned as any injury resulting from RTC irrespective of
severity and outcome. RTC was explained to the respondent as any
crash on a road involving at least one moving vehicle irrespective
of it resulting in an injury. This could include collision with a
vehicle or any non-moving object while driving/riding a vehicle,
skidding/slipping/overturning of a moving vehicle while driving/
riding a vehicle, collision with a moving vehicle while walking/running/standing/sitting on road, or fall from a moving vehicle.
These explanations were given to each participant before asking
questions on RTC and RTI.
Data management and analysis
Data were entered in an MS Access database and data entered
by one data entry operator were checked by another. SPSS was
used for statistical analysis. Road use pattern is reported for
boys and girls. Annual non-fatal RTI rates are calculated using 3-
month recall periods for overall non-fatal RTI and for RTI as
recall bias is a major limitation for data on non-fatal injuries,
and less severe injuries in particular are underestimated with
longer recall periods.6,29,33 We calculated the annual rates for
RTI requiring recovery period of 7, 7–29 and >29 days for boys
and girls wherein the recovery period was deﬁned as days taken
to return to normal daily activities as prior to RTI. The RTI rates
were adjusted for the age distribution of Hyderabad population,
and the 95% conﬁdence interval (CI) include the design effect
(DE) for the cluster sampling strategy.2 The incidence rates are
not adjusted for exposure. The incidence of non-fatal RTI as a
pedestrian, cycle user, and motorised two-wheeled vehicle user
are presented.
The characteristics of the crash resulting in RTI are presented
for the most recent non-fatal RTI in the last 12 months.
Univariate and multivariate analyses were performed to under-
stand the association of a variety of risk factors for non-fatal RTI-
overall, as a pedestrian and as a cycle user. In the multiple
logistic regression models, the effect of each category of a multi-
categorical variable was assessed by keeping the ﬁrst or the last
category as reference, and all the variables were introduced
simultaneously in the models. Chi-square test for signiﬁcance is
reported where appropriate. Per capita monthly income of
household was considered in four quartiles based on the
distribution in the study population.
Details of the injuries sustained, treatment sought, recovery
period, and leave taken are presented. For participants who were
still recovering at the time of interview and those who had not
recovered, recovery period was taken to be the length of time since
sustaining RTI. Estimates for the recovery days and school-person-
days lost in Hyderabad annually are presented.
Results
A total of 2809 (98.4%) of the 2856 eligible participants aged 5–
14 years participated in the study. 1425 (50.7%) were aged 5–9
years and 1460 (52%) were boys. Two hundred and fourteen
children (7.6%) were currently employed for work (Table 1).
Road use pattern
Table 1 summarises the road use details. The average number
of trips on road per day was signiﬁcantly higher for boys (mean
11.5, median 10) than for girls (mean 9.6, median 8). Girls were
signiﬁcantly more likely to walk and less likely to use a cycle for
trips in a day when compared to boys (p < 0.001). The overall
mean time spent on the road per day by children was 2.14 h
(median 2.0), and boys spent signiﬁcantly more time on the road
(mean 2.35 h, median 2.16) than girls (mean 1.93, median 1.66)
(p < 0.001).
Among the 1045 (37.2%) childrenwho knew how to ride a cycle,
291 (27.8%) were 5–9 years of age. All of the 85 children who
currently drove a motorised two-wheeled vehicle were aged 12–
14 years (mean 13.6 years), none had a driving license, none
reportedwearing a helmet, and themean age at which they started
driving a motorised two-wheeled vehicle on the road was 12.5
Table 1
Road use pattern for boys and girls aged 5–14 years in Hyderabad.
Variable Boys (1460)
N (%)a
Girls (1349)
N (%)a
Total (2809)
N (%)a
Age group (years)
5–9 741 (50.8) 684 (50.7) 1425 (50.7)
10–14 719 (49.2) 665 (49.3) 1384 (49.3)
Occupation
Student 1334 (91.4) 1261 (93.5) 2595 (92.4)
Employed 126 (8.6) 88 (6.5) 214 (7.6)
Average number of trips on road per dayy
5 161 (11) 299 (22.2) 460 (16.4)
6–10 636 (43.6) 617 (45.7) 1253 (44.6)
11–15 356 (24.4) 231 (17.1) 587 (20.9)
16–20 202 (13.8) 129 (9.6) 331 (11.8)
>20 105 (7.2) 73 (5.4) 178 (6.3)
All road trips for the day were on footy 900 (61.7) 926 (68.6) 1826 (65.1)
Average time spent on road per day (h)y
1.30 286 (19.6) 458 (34) 744 (26.5)
>1.30–3.00 849 (58.2) 694 (51.4) 1543 (54.9)
>3.00 325 (22.3) 197 (14.6) 522 (18.6)
Can ride a cycley 747 (51.2) 298 (22.1) 1045 (37.2)
Currently drives a motorised two-wheeled vehicley 76 (5.2) 9 (0.7) 85 (3)
a Percent of column total.
y Chi-square test for difference between boys and girls: p<0.001.
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compared with being a student (p = 0.007).
Signiﬁcant differences were found in the road use pattern for
the children based on the per capita monthly household income
(Fig. 1). All trips by foot and the time spent on road per day
decreased with increasing per capita household income quartile
(p < .0.001). On the other hand, the proportion of trips by cycle
(p < 0.001) or motorised two-wheeled vehicle (p < 0.001), know-
ing how to ride a cycle (p < 0.001) or currently driving a motorised
two-wheeled vehicle (p = 0.002) increased with increasing per
capita monthly household income quartile.
Incidence of non-fatal RTI
Based on the 3-month recall period, the annual age-sex-
adjusted rate for overall RTI was 18.5% (95% CI 16.8–20.3; DE
1.5) and for RTI requiring recovery period of >7 days was 5.8%
(95% CI 4.9–6.6; DE 1.05). The age-adjusted RTI rates for boys
were 23.6% (95% CI 20.6–26.6; DE 1.83), 15.2% (95% CI 12.6–
17.7; DE 1.91), 6.1% (95% CI 4.8–7.3; DE 1.04) and 0.9% (95% CIFig. 1. Road use pattern among children aged 5–14 years based on the per capita monthly
for 90 children. Trips by cycle and motorised two-wheeled vehicles (MTV) include trip0.3–1.5; DE 1.51) for overall RTI and RTI requiring recovery
period of 7, >7–29, and >29 days, respectively. These rates for
girls were 13.1% (95% CI 11.1–15.0; DE 1.19), 8.1% (95% CI 6.5–
9.6; DE 1.14), 3.6% (95% CI 2.6–4.5; DE 0.94), and 0.9% (95% CI
0.6–1.2; DE 0.42), respectively. Boys and girls had similar RTI
rates as a pedestrian and motorised two-wheeled vehicle user,
but boys had three times higher incidence of RTI as a cycle user
as compared with girls (Fig. 2).
Characteristics of non-fatal RTI
Based on 12-month recall period, 263 episodes of RTI were
reported for 237 children (11% reported more than one episode).
Table 2 summarises the characteristics of the 237 most recent
non-fatal RTI episodes of which 109 (46%) were as a cycle user, 101
(42.6%) as a pedestrian, 20 (8.4%) as motorised two-wheeled
vehicle user and 7 (3%) as other vehicle occupant. A major
proportion of the crashes resulting in RTI occurred between 1500
and 1800 h (44.3%) and while on a trip not from/to school or work
(81%). Nearly 95% of RTI as a cycle user and 15% of RTI as ahousehold income quartiles. Data on per capita monthly incomewere not available
s as pillion riders.
Fig. 2. Annual incidence of non-fatal road trafﬁc injury (RTI) using 3-month recall period as a pedestrian, cycle user and user of motorised two-wheeled vehicle (MTV) among
boys and girls aged 5–14 years. The bars denote 95% conﬁdence interval.
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RTI as a pedestrian occurred while playing on the road.
Collisionwith another vehicle was the cause of crash in 61.6% of
the crashes and vehicle skidding was responsible for 22.3% of the
crashes. Presence of sand and small stones on the road accountedTable 2
Characteristics of crash that resulted in the most recent non-fatal road trafﬁc injuries (
Variable Non-fatal RTI as
Cycle
user (109)
N (%)a
Pedestrian
(101)
N (%)a
Time of crash (h)y
0600–1100 12 (11) 21 (20.8)
1101–1500 21 (19.3) 21 (20.8)
1501–1800 57 (52.3) 41 (40.6)
1801–1900 13 (11.9) 9 (8.9)
1901–0559 6 (5.5) 9 (8.9)
Reason for being on the roadz
Going/coming from school/work 11 (10.1) 31 (30.7)
Going/coming from elsewhere 98 (89.9) 70 (69.3)
Activity at the time of crash§
Driving a vehicle 103 (94.5) Not applicable
Riding a vehicle (passenger) 6 (5.5) Not applicable
Walking Not applicable 41 (40.6)
Crossing road Not applicable 31 (30.7)
Playing on road Not applicable 25 (24.8)
Other 0 4 (4)
Cause of crash§
Collision with a vehicle 37 (33.9) 97 (96)
Vehicle skid/fell due to reasons
not related to road
22 (20.2) Not applicable
Vehicle skid due to road-related
reasons
26 (23.9) Not applicable
Other 24 (22) 4 (4)
Other party in the crash§
Cycle 11 (26.8) 30 (29.7)
Motorised two-wheeled vehicle 20 (18.3) 51 (50.5)
Motorised three-wheeled vehicleb 4 (3.7) 17 (16.8)
None 70 (64.2) 0
Other 4 (3.7) 3 (3)
a Percent of column total.
b Motorised three-wheeled vehicle includes commercial passenger vehicles.
y Chi-square test for signiﬁcance: p=0.005.
z Chi-square test for signiﬁcance: p=0.001.
§ Chi-square test for signiﬁcance: p<0.001.for the majority of road-related reasons for vehicle skidding.
Sudden application of brakes (due to appearance of a vehicle/
person/animal) resulting in fall due to loss of balance were
responsible for the majority of vehicle skidding/fall which was not
due to road-related reasons.RTI) using 12-month recall period among children aged 5–14 years in Hyderabad.
All RTI (237)
N (%)a
Motorised two-wheeled
vehicle user (20)
N (%)a
Other vehicle
occupant (7)
N (%)a
2 (10) 1 (14.3) 36 (15.2)
6 (30) 1 (14.3) 49 (20.7)
4 (20) 3 (42.9) 105 (44.3)
1 (5) 0 23 (9.7)
7 (35) 2 (28.6) 24 (10.1)
1 (5) 2 (28.6) 45 (19)
19 (95) 5 (71.4) 192 (81)
3 (15) 1 (14.3) 107 (45.1)
17 (85) 6 (85.7) 29 (12.2)
Not applicable Not applicable 41 (17.3)
Not applicable Not applicable 31 (13.1)
Not applicable Not applicable 25 (10.5)
0 0 4 (1.7)
10 (50) 2 (28.6) 146 (61.6)
2 (10) 0 24 (10.1)
3 (15) 0 29 (12.2)
5 (25) 5 (71.4) 38 (16)
0 0 41 (17.3)
5 (25) 1 (14.3) 77 (32.5)
2 (10) 0 23 (9.7)
9 (45) 5 (71.4) 84 (35.4)
4 (20) 1 (14.3) 12 (5.1)
Table 3
Association of select variables with the risk of non-fatal road trafﬁc injuries (RTI) using 12-month recall period among children aged 5–14 years using multiple logistic
regression.
Variable Total (2809) Number with
overall RTI
(% of total)
Odds ratio for non-fatal RTI in the last 12 months (95% conﬁdence interval)
Overall As cycle user As pedestrian
Age group (years)*
5–9 1425 99 (6.9) 1.00 1.00 1.00
10–14 1384 138 (10) 1.03 (0.74–1.43) 1.61 (0.989–2.66) 0.82 (0.54–1.26)
Sexy
Boy 1460 158 (10.8) 1.24 (0.90–1.69) 1.94 (1.16–3.25) 0.93 (0.61–1.40)
Girl 1349 79 (5.9) 1.00 1.00 1.00
Per capita monthly household income quartilesz
US$ <14.2 1081 86 (8) 1.00 1.00 1.00
US$ 14.2–25 674 60 (8.9) 1.08 (0.75–1.57) 1.05 (0.60–1.83) 1.07 (0.64–1.79)
US$ >25–48.5 531 57 (10.7) 1.24 (0.81–1.88) 1.37 (0.75–2.51) 1.06 (0.57–1.94)
US$ >48.5 433 31 (7.2) 0.76 (0.42–1.38) 0.97 (0.42–2.22) 0.26 (0.08–0.86)
Currently in school§
Yes 2595 213 (8.2) 1.00 1.00 1.00
No 214 24 (11.2) 1.20 (0.71–2.04) 0.79 (0.35–1.77) 1.81 (0.88–3.70)
Average number of trips on road per day#
0–5 460 20 (4.3) 1.00 1.00 1.00
6–15 1840 145 (7.9) 1.34 (0.74–2.42) 1.18 (0.47–2.92) 2.21 (0.79–6.20)
>15 509 72 (14.1) 2.18 (1.07–4.46) 1.99 (0.68–5.85) 4.02 (1.24–13.04)
Average number of hours on road per day**
1.30 744 38 (5.1) 1.00 1.00 1.00
>1.30–3.00 1543 128 (8.3) 1.36 (0.86–2.13) 1.84 (0.92–3.68) 1.12 (0.57–2.22)
>3.00 522 71 (13.6) 1.97 (1.10–3.51) 1.87 (0.77–4.51) 1.67 (0.71–3.91)
Can ride a cycleyy
No 1764 96 (5.4) 1.00 1.00 Not applicable
Yes 1045 141 (13.5) 2.45 (1.75–3.42) 8.80 (4.62–16.75)
Currently drives a motorised two-wheeled vehiclezz
No 2724 215 (7.9) 1.00 Not applicable Not applicable
Yes 85 22 (25.9) 2.83 (1.60–5.00)
Mother’s education level§§
No education 893 69 (7.7) 1.00 1.00 1.00
Class 1–10 1289 123 (9.5) 1.47 (1.03–2.08) 0.95 (0.57–1.58) 2.09 (1.26–3.47)
More than class 10 541 41 (7.6) 1.22 (0.70–2.13) 1.02 (0.48–2.20) 1.66 (0.68–4.08)
Mother working status##
Not working 702 63 (9) 1.00 1.00 1.00
Working 2014 169 (8.4) 0.98 (0.71–1.36) 0.78 (0.48–1.26) 1.34 (0.85–2.13)
Number of siblings***
None 175 19 (10.9) 1.00 1.00 1.00
1 884 80 (9) 0.82 (0.47–1.45) 0.67 (0.31–1.45) 1.19 (0.44–3.19)
2 or more 1707 137 (8) 0.62 (0.35–1.09) 0.56 (0.26–1.21) 0.86 (0.33–2.28)
* Chi-square test for signiﬁcance: p=0.004, <0.001, and <0.001 for overall, cycle user and pedestrian, respectively.
y Chi-square test for signiﬁcance: p<0.001.
z Data not available for 90 children; Chi-square test for signiﬁcance: p=0.182, 0.236, and 0.001 for overall, cycle user and pedestrian, respectively.
§ Chi-square test for signiﬁcance: p=0.128, 0.654, and 0.440 for overall, cycle user and pedestrian, respectively.
# Chi-square test for signiﬁcance: p<0.001, 0.419, and 0.137 for overall, cycle user and pedestrian, respectively.
** Chi-square test for signiﬁcance: p<0.001 for overall and pedestrian, and 0.003 for cycle user.
yy Chi-square test for signiﬁcance: p<0.001 for overall and cycle user.
zz Chi-square test for signiﬁcance: p<0.001 for overall.
§§ Data not available for 86 children; Chi-square test for signiﬁcance: p=0.218, 0.071, and 0.024 for overall, cycle user and pedestrian, respectively.
## Data not available for 93 children; Chi-square test for signiﬁcance: p=0.634, 0.597, and 0.252 for overall, cycle user and pedestrian, respectively.
*** Data not available for 43 children; Chi-square test for signiﬁcance: p=0.354, 0.686, and 0.294 for overall, cycle user and pedestrian, respectively.
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On applying multiple logistic regression to the 237 most recent
RTI in the last 12months (Table 3), childrenwho had>15 trips per
day on the road had four and two times the odds of RTI as a
pedestrian and overall RTI, respectively. Those who rode a cycle
and currently drove a motorised two-wheeled vehicle had
signiﬁcantly higher odds of overall RTI. Boys and those who rode
a cycle were signiﬁcantly more likely to have RTI as a cycle user,
and those belonging to income quartile IV were signiﬁcantly less
likely to have RTI as a pedestrian. Mother’s education level was
signiﬁcantly associatedwith overall RTI and RTI as a pedestrian. Nosigniﬁcant interaction was found between the average number of
trips and hours spent on road per day in the logistic models.
Injuries, recovery and time off work or school
Among the 237 cases of the most recent RTI in the last 12
months, themajority reported injuries on legs (84%) and hand/arm
(61.2%), followed by face (16.5%) and head (4.6%). Two (0.8%)
reported having not recovered fully following the injuries and 6
(2.5%) were still recovering at the time of interview. A total of 136
(57.4%) had soughtmedical treatment for RTI as an out-patient and
2 (0.8%) as in-patient.
Fig. 3. Recovery days and leaves taken for to the most recent road trafﬁc injury (RTI) in the last 12months for the two sexes and types of road user among children aged 5–14
years. MTV denotes motorised two-wheeled vehicle.
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most recent RTI for the two sexes and type of road user. The mean
number of recovery days required was 9.1 days (median 5.0; range
1–126 days), and RTI as a pedestrian required relatively more
recovery days as compared with RTI as a cycle or motorised two-
wheeled vehicle user (Fig. 3). Of the 213 children with the most
recent non-fatal RTI who were currently in school, 113 (53.1%)
reported taking leave from school for that RTI. Of the 24 children
with RTI who were employed, 5 (20.8%) took leave fromwork. The
mean number of leave days taken from school/work was 7.94
(median 3.0, range 1–120 days). Two children (1.7%) lost their
schooling year due to RTI.
Discussion
This population-based study describes the road use pattern, and
context and risk factors for RTI in children from a large city in India.
Extrapolating from a 3-month recall period, we found that 5.8% of
children aged 5–14 years had experienced a non-fatal RTI during
the previous year which had required a recovery period of more
than 7 days. Themajority of these RTI were sustained by cyclists or
pedestrians. These data conﬁrm the need to consider injuries
experienced by children, particularly those who are vulnerable
road users, as a public health priority in urban India.
To the best of our knowledge, these are the ﬁrst population-
based data on road use pattern of children from a developing
country setting. A distinct difference in the road use pattern was
seen between boys and girls and based on socioeconomic strata.
Girls were less likely to use a cycle and were more likely to walk.
This is probably because boys are given more freedom and are less
restrained by the parents to move around as compared with
girls.3,42 This is also reﬂected in the larger number and variety of
cycles available for boys than for girls in India.19–21 It is conceivable
that the households with lower income are less able to afford a
cycle for their children and hence the children belonging to the
lower per capita household income quartile were the least likely to
be making road trips using a cycle.
A high number of road trips per day were reported for children
with the majority making six or more road trips. It is unlikely that
the trips were over-reported as the interviewers asked the
respondent to mention each road trip on usual days which were
then counted to arrive at the number of trips. A little over 80% of
RTI were reported during trips which were not related to school/
work. More information including qualitative research that
explores the reasons and context for these trips is needed toidentify the most appropriate road safety interventions that can
reduce RTIs in this age group.
Though only 3% of childrenwere reported to be currently driving
a motorised two-wheeled vehicle, they were signiﬁcantly more
likely to be injured in RTC. This ﬁnding is of concern as they were
driving a vehicle at an age below the legal age of obtaining a learners
license foramotorised two-wheeledvehiclewith50ccengineor less
in India (16 years).47 In addition, none of them reported using a
helmetwhich increases their vulnerability forhead injury incaseofa
crash. We have previously reported that 7.3% of motorised two-
wheeled vehicle drivers currently aged 16 years or more in
Hyderabad had started driving the motorised two-wheeled vehicle
below the age of 16 years.8 Stricter law enforcement is needed to
prevent such driving by children,9,35 and measures involving
parents, schools and alternative safe public transport systems can
also be explored to reduce underage driving on roads.
The annual rate of non-fatal RTI requiring a recovery period of
more than 7 days for boys and girls in our study was 7.0% and 4.5%,
respectively. Comparedwith the relatively sparsedata onchildhood
RTI reported from many developing countries,15,17,22,25,30,32,34 the
RTI rate was higher in our study. We have previously reported that
the relatively higher magnitude of RTI in this population may be
related to the methods that we used, which included detailed
explanation and probing as well as a short recall period of 3months
to estimate the annual rate.6 It is important to note that the
incidence ofminor non-fatal RTImay be underreported in our study
because the information on RTI was documented from parents/
guardian for children aged 10 years or less, and those 11 years of age
may have underreported RTI in the presence of their parents/
guardian. The over-representation of cyclists and pedestrians and
preponderance of children among RTI victims has been reported in
several low- and middle-income countries.22–24,35,36,39,43,44,46
Globally, a variety of risk factors relating to the child, vehicle
and environment have been identiﬁed for unintentional injuries in
children, and these the risk factors can vary from one setting to
another.1,5,11–13,18,35,38,41,45 We found a higher RTI risk as a cycle
user for boys and among those who could ride a cycle. One-third of
the cycle injurieswere a result of collisionwith another vehicle and
nearly 45% due to skidding/fall from cycle. Cycle is primarily used
as a mode of transport and not for recreation in India by children
and adults and without a helmet. In addition to increased access to
cycles for boys, exposure and mixed trafﬁc patterns are among the
major risks for RTI as a cycle user.4,31 Pedestrian injuries in children
are known to be the highest in Asia and Africa.22,28 These data also
highlight the protective effect of higher per capita monthly
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occurred while walking, crossing or playing on road. It is not
uncommon for children to play on roads in India as not many
neighbourhoods have playgrounds and residential areas often do
not have speed or trafﬁc volume restrictions thereby increasing the
risk of RTI for children. They are often unsupervised while playing
or while running errands to the local market, and research has
shown increased RTI risk with the lack of parental supervision,37
and that parental supervision can reduce the RTI risk in children.14
Physical and cognitive developmental factors also increase the risk
of RTC among young pedestrians.35
Injuries to arms and legs were the most common types of
injuries sustained, and more than half of the injured children
reported seeking medical care as an out-patient. Fractures to arms
and legs are reported to be the most common injuries requiring
hospital admissions for children.50 The injury severity and burden
are further highlighted by the days needed for recovery and days
lost from school and work.
The speciﬁc road use pattern and RTI data presented in this
paper can be utilised to adapt for our setting the proven strategies
used in high-income countries to reduce RTI in children,35 and to
target appropriate sub-populations for these strategies. Further
studies that explore the particular relationships between the
transport and social environments and the communities in which
children are raised and experience RTI could guide further
development of interventions that can respond appropriately
and efﬁciently to the Indian context.
Conﬂict of interest
None.
Acknowledgements
The authors acknowledge the contribution of Md Abdul Ameer,
G. Mushtaq Ahmed, N. Balaji Rao, D. Ram Babu, K. Bhagawan Babu
and YRK Satya Prasad in the implementation of this study.
Funding: This study was supported by the Wellcome Trust, UK
(077002/Z/05/Z). The Wellcome Trust had no involvement in the
study design; collection, analysis and interpretation of data; the
writing of the manuscript; the decision to submit the manuscript
for publication. R. Dandona was supported in part by the National
Health and Medical Research Council Capacity Building Grant in
Injury Prevention and Trauma Care, Australia.
References
1. Bartlett SN. The problem of children’s injuries in low-income countries: a
review. Health Policy Plan 2002;17:1–13.
2. Bennett S, Woods T, Liyanage WM, Smith DL. A simpliﬁed general method for
cluster-sample surveys of health in developing countries. World Health Stat Q
1991;44:98–106.
3. Block J. Differential premises arising from differential socialization of the sexes:
some conjectures. Child Dev 1983;54:1335–54.
4. Carlin JB, Taylor P, Nolan T. A case-control study of child bicycle injuries:
relationship of risk to exposure. Accid Anal Prev 1995;27:839–44.
5. Celis A, Gomez Z, Martinez-Sotomayor A, et al. Family characteristics and
pedestrian injury risk in Mexican children. Inj Prev 2003;9:58–61.
6. Dandona R, Kumar GA, Ameer MA, et al. Incidence and burden of road trafﬁc
injuries in urban India. Inj Prev 2009;14:354–9.
7. Dandona R, Kumar GA, Ameer MA, et al. Underreporting of road trafﬁc injuries to
the police: results from two data sources in urban India. Inj Prev 2008;14:360–5.
8. Dandona R, Kumar GA, Dandona L. Risky behavior of drivers of motorized two
wheeled vehicles in India. J Safety Res 2006;37:149–58.
9. Dandona R, Kumar GA, Dandona L. Trafﬁc law enforcement in Hyderabad, India.
Int J Inj Contr Saf Promot 2005;12:167–76.
10. Deen JL, Vos T, Huttly SR, Tulloch J. Injuries and noncommunicable diseases:
emerging health problems of children in developing countries. Bull World
Health Organ 1999;77:518–24.
11. Delgado J, Ramirez-Cardich ME, Gilman RH, et al. Risk factors for burns in
children: crowding, poverty, and poor maternal education. Inj Prev 2002;8:
38–41.12. Donroe J, Tincopa M, Gilman RH, et al. Pedestrian road trafﬁc injuries in urban
peruvian children and adolescents: case control analyses of personal and
environmental risk factors. PLoS ONE 2008;3:e3166.
13. Engstrom K, Diderichsen F, Laﬂamme L. Socioeconomic differences in injury
risks in childhood and adolescence: a nation-wide study of intentional and
unintentional injuries in Sweden. Inj Prev 2002;8:137–42.
14. Fatimah M, Osman A, Masyarakat JK, Perubatan F. The risk of road trafﬁc
accidents among primary school children in Kuala Terengganu. Med J Malaysia
1997;52:402–8.
15. Ghaffar A, Hyder AA, Masud TI. The burden of road trafﬁc injuries in developing
countries: the 1st national injury survey of Pakistan. Public Health
2004;118:211–7.
16. Gururaj G. Injuries in India: a national perspective. New Delhi: National
Commission on Macroeconomics and Health, Ministry of Health & Family
Welfare, Government of India; 2005.
17. Hang HM, Bach TT, Byass P. Unintentional injuries over a 1-year period in a rural
Vietnamese community: describing an iceberg. Public Health 2005;119:466–73.
18. Howe LD, Huttly SR, Abramsky T. Risk factors for injuries in young children in
four developing countries: the Young Lives Study. Trop Med Int Health
2006;11:1557–66.
19. http://www.atlascycles.co.in/about_ag.asp.
20. http://www.avoncycles.com/.
21. http://www.herocycles.com/mainproducts.php.
22. Hyder AA, Labinjo M, Muzaffar SS. A new challenge to child and adolescent
survival in urban Africa: an increasing burden of road trafﬁc injuries. Trafﬁc Inj
Prev 2006;7:381–8.
23. Hyder AA,Muzaffar SS, Bachani AM. Road trafﬁc injuries in urbanAfrica andAsia:
a policy gap in child and adolescent health. Public Health 2008;122:1104–10.
24. KarkhanehM, Naghavi M, Rowe BH, et al. Epidemiology of bicycle injuries in 13
health divisions, Islamic Republic of Iran 2003. Accid Anal Prev 2008;40:192–9.
25. Kobusingye O, Guwatudde D, Lett R. Injury patterns in rural and urban Uganda.
Inj Prev 2001;7:46–50.
26. Krug E. Injury: a leading cause of the global burden of disease. Geneva: World
Health Organization; 1999.
27. Krug EG, Sharma GK, Lozano R. The global burden of injuries. Am J Public Health
2000;90:523–6.
28. LinnanM, Anh Le VU, Cuong PV, et al. Child mortality and injury in Asia: survey
results and evidence. Special Series on Child Injury No. 3. Geneva: UNICEF
Innocenti Research Centre; 2007.
29. Mock C, Acheampong F, Adjei S, Koepsell T. The effect of recall on estimation of
incidence rates for injury in Ghana. Int J Epidemiol 1999;28:750–5.
30. Mock CN, Abantanga F, Cummings P, Koepsell TD. Incidence and outcome of
injury in Ghana: a community-based survey. Bull World Health Organ
1999;77:955–64.
31. Mohan D. Road safety in less-motorized environments: future concerns. Int J
Epidemiol 2002;31:527–32.
32. Moshiro C, Heuch I, Astrom AN, et al. Injury morbidity in an urban and a rural
area in Tanzania: an epidemiological survey. BMC Public Health 2005;5:11.
33. Moshiro C, Heuch I, Astrom AN, et al. Effect of recall on estimation of non-fatal
injury rates: a community based study in Tanzania. Inj Prev 2005;11:48–52.
34. Nordberg E, Kimani V, Diwan V. Household survey of injuries in a Kenyan
district. East Afr Med J 2000;77:240–4.
35. Peden M, Oyegbite K, Ozanne-Smith J, et al., editors. World report on child
injury prevention. Geneva: World Health Organization; 2008.
36. Peden M, Scurﬁeld R, Sleet D, et al., editors. World report on road trafﬁc injury
prevention. Geneva: World Health Organization; 2004.
37. Pless IB, Verreault R, Tenina S. A case-control study of pedestrian and bicyclist
injuries in childhood. Am J Public Health 1989;79:995–8.
38. Potter BK, Speechley KN, Koval JJ, et al. Socioeconomic status and non-fatal
injuries among Canadian adolescents: variations across SES and injury mea-
sures. BMC Public Health 2005;5:132.
39. Razzak JA, Luby SP, Laﬂamme L, Chotani H. Injuries among children in Karachi,
Pakistan—what, where and how. Public Health 2004;118:114–20.
40. Registrar General of India. Population totals: India, census of India 2001. New
Delhi: Ministry of Home Affairs, Government of India; 2001.
41. Roberts I, Norton R, Jackson R, et al. Effect of environmental factors on risk of
injury of child pedestrians by motor vehicles: a case-control study. BMJ
1995;310:91–4.
42. Saegert SHR. The development of sex differences in the environmental con-
ﬁdence of children. In: Burnett P, editor. Women in society. Chicago: Maaroufa
Press; 1990. p. 157–75.
43. Singer MS, Ghaffar A. Risk factors for road trafﬁc injury in Pakistani children. J
Coll Physicians Surg Pak 2004;14:709–12.
44. Sonkin B, Edwards P, Roberts I, Green J. Walking, cycling and transport safety:
an analysis of child road deaths. J R Soc Med 2006;99:402–5.
45. Thanh NX, Hang HM, Chuc NT, et al. Does poverty lead to non-fatal uninten-
tional injuries in rural Vietnam? Int J Inj Contr Saf Promot 2005;12:31–7.
46. Toroyan T, Peden M, editors. Youth and road safety. Geneva: World Health
Organization; 2007.
47. Transport Commissioner. http://www.aptransport.org/html/driving.htm.
48. World Health Organization. Child and adolescent injury prevention: a global
call to action. Geneva: World Health Organization; 2005.
49. World Health Organization. Global burden of disease project version 5. Geneva:
World Health Organization; 2002.
50. World Health Organization. Global burden of disease: 2004 update. Geneva:
World Health Organization; 2008.
